Mannitol kinase and mannitol-1-phosphate dehydrogenase activities were detected in two Micromonospora isolates. The presence of these enzyme activities indicates that mannitol is catabolized first to mannitol-1-phosphate and then to fructose-6-phosphate. Mannitol-oxidizing enzymes were also surveyed in representative species of four other genera of actinomycetes. Mannitol-1-phosphate dehydrogenase was detected in cell-free extracts of Streptomyces lactamdurans. In contrast, cell-free extracts of Mycobacterium smegmatis, Nocardia erythrophila, Streptomyces lavendulae, and Actinoplanes missouriensis contained mannitol dehydrogenase activity but no detectable mannitol-1-phosphate dehydrogenase activity. The mannitol dehydrogenase activities in the latter species support the operation of a pathway for catabolism of mannitol that involves the oxidation of mannitol to fructose, followed by phosphorylation to fructose-6-phosphate.
Mannitol kinase and mannitol-1-phosphate dehydrogenase activities were detected in two Micromonospora isolates. The presence of these enzyme activities indicates that mannitol is catabolized first to mannitol-1-phosphate and then to fructose-6-phosphate. Mannitol-oxidizing enzymes were also surveyed in representative species of four other genera of actinomycetes. Mannitol-1-phosphate dehydrogenase was detected in cell-free extracts of Streptomyces lactamdurans. In contrast, cell-free extracts of Mycobacterium smegmatis, Nocardia erythrophila, Streptomyces lavendulae, and Actinoplanes missouriensis contained mannitol dehydrogenase activity but no detectable mannitol-1-phosphate dehydrogenase activity. The mannitol dehydrogenase activities in the latter species support the operation of a pathway for catabolism of mannitol that involves the oxidation of mannitol to fructose, followed by phosphorylation to fructose-6-phosphate.
Among the physiological criteria typically used in the detailed classification of the actinomycetes, the carbohydrate utilization pattern is one of the principal parameters for defining species. During preliminary taxonomic study of 130 Micromonospora cultures isolated from soil, we found five isolates that grew on mannitol as a sole carbon and energy source. Although Micromonospora coerulea 981, 36, and Micromonospora sp. (ATCC 10026) have been reported to utilize D-mannitol for growth (6, 7) , little is known about the biochemical pathway of mannitol metabolism in Micromonospora or other actinomycetes.
In bacteria, two pathways have been described for the oxidation of mannitol. The first pathway, reported in Rhizobla meliloti (1), Lactobacillus brevis (8) , and Acetobacter suboxydans (1), involves the oxidation of mannitol to fructose, followed by phosphorylation to fructose-6-phosphate. These reactions are catalyzed by mannitol dehydrogenase and fructokinase, respectively. In the second pathway, mannitol is first phosphorylated to mannitol-1-phosphate and then oxidized to fructose-6-phosphate. These reactions are catalyzed by mannitol kinase and mannitol-1-phosphate dehydrogenase, respectively. This pathway for oxidation of mannitol has been described in Escherichia coli (11) , Bacillus subtilis (3), and Aerobacter aerogenes (5) . In this report, we present our findings of enzymatic conversion of mannitol to fructose-6-phosphate in Micromonospora BC-1751 and BC-2079, isolated from soil, and in representative species of other genera of actinomycetes.
The taxonomic criteria-described in Bergey's Manual of Determinative Bacteriology (7) were utilized to identify the Micromonospora isolates in this study. The carbohydrate utilization pattern used in identification was determined according to the procedures of Luedermann (5) . Both Micromonospora isolates grew well on glucose, soluble starch, mannitol, and sucrose, poorly on lactose, and not at all on glycerol. In contrast, Micromonospora purpura (NRRL 2953) grew well on glucose, soluble starch, sucrose, and lactose, but it did not grow on mannitol or glycerol.
The pathway for oxidation of mannitol in two Micromonospora isolates and in species of other genera of actinomycetes was investigated by testing for mannitol kinase, mannitol dehydrogenase, and mannitol-1-phosphate dehydrogenase in cell-free extracts. For the enzyme assay, cells were grown in medium containing: mannitol, 2 g; yeast extract, 0.5 g; and 100 ml of tap water. Cells were recovered by centrifugation, washed twice with 0.01 M phosphate buffer (pH 7.0), and then suspended in phosphate buffer at a concentration of 1 g (wet weight) of cells in 10 ml of buffer. Cells were disrupted by adding 1 g of washed glass beads and sonicating for 5 min.
The temperature was maintained below 10°C during ultrasonic treatment by sonicating for short periods followed by cooling in an ice bath. Cell debris was removed by centrifugation at 30,000 x g for 60 min. The assay mixture of mannitol-1-phosphate dehydrogenase consisted of 50 ,tmol of tris(hydroxymethyl)aminomethane-hydrochloride buffer (pH 9.0), 1 ,mol of nicotinamide adenine dinucleotide, 0.5 to 1.0 mg of protein, and 5 /tmol of D-mannitol-1-phosphate in a total volume of 1-ml mixture. The change in absorbance at 340 nm was followed with a model 220 recording spectrophotometer (Gilford Instrument Labs., Inc., Oberlin, Ohio). Dichlorophenol indophenol-linked activity was measured at 600 nm with 1 ,umol of dichlorophenol indophenol in place of nicotinamide adenine dinucleotide in the reaction mixture. Mannitol dehydrogenase was assayed as in the above procedure, except that mannitol was used as the substrate in place of mannitol-1-phosphate. Mannitol kinase activity was detected by sequential enzyme reactions. In this reaction, the product of mannitol kinase, mannitol-l-phosphate, was assayed with the enzyme mannitol-l-phosphate dehydrogenase. The assay mixture contained 50 ,umol of tris(hydroxymethyl)aminomethane-hydrochloride buffer (pH 7.5), 10 ,amol of D-mannitol, 1 ,umol of adenosine 5'-triphosphate, 5 4mol of MgCl2, and 1 mg of protein to a final volume of 1 ml. After 10 min of incubation, the mannitol-1-phosphate formed was assayed as previously described. In control experiments that contained no adenosine 5'-triphosphate, mannitol-1-phosphate was not produced. The protein content of cell-free extracts was determined by the method of Warburg and Christian (10) .
Cell-free extracts of mannitol-grown cultures of Micromonospora strains BC 1751 and 2079 contained no detectable level of nicotinamide adenine dinucleotide-, nicotinamide adenine dinucleotide phosphate-, or dichlorophenol indophenol-linked mannitol dehydrogenase activities. Instead, both extracts contained nicotinamide adenine dinucleotide-dichlorophenol indophenol-linked mannitol-l-phosphate dehydrogenase activity (Table 1) . The mannitol-l- (Table 2) . Cell-free extracts of Actinoplanes missouriensis (ATCC 14538), Mycobacterium smegmatis (ATCC VOL. 33, 1977 11727), and Nocardia erythropolis (ATCC 4277) exhibited mannitol dehydrogenase but no mannitol-1-phosphate dehydrogenase activity. Extracts of Streptomyces lactamdurans (NRRL 3802), on the other hand, displayed mannitol-1-phosphate dehydrogenase but no mannitol dehydrogenase activity. The distribution of the enzymes for mannitol oxidation among certain bacteria is summarized in Table 3 . Enzymes involved in both of the reported pathways for oxidation of mannitol are present in various species of actinomycetes. The taxonomic significance of mannitol-oxidizing enzymes is not apparent. A more extensive survey will be required to determine the distribution of the mannitol oxidation pathways. 
